Morquio A Syndrome (mucopolysaccharidosis IVA -MPS IVA, OMIM# 253000) is an autosomal recessive inborn error of metabolism caused by the deficiency of N-acetylgalactosamine-6-sulfate sulfatase (GALNS). We investigated five unrelated Brazilian MPS IVA families for mutations in exons 4, 5, 9 and 10 of the GALNS gene. Six out of the 10 mutant alleles were identified. Taken together with a previous study, which included six unrelated families, common mutations among Brazilian patients were p.N164T, p.G116S and p.G301C. Among one hundred control subjects three novel silent mutations were found (p.A107A; GCC → GCT, p.Y108Y; TAC → TAT, p.P357P; CCG → CCA). Screening starting with exons 4, 5, 9, 10 and 11 may be a good strategy for genotyping of Brazilian patients since these exons include 73% of all mutations identified in the current and previous studies.
Morquio A Syndrome (mucopolysaccharidosis IVA -MPS IVA, OMIM# 253000) is an autosomal recessive inborn error of metabolism of the lysosomal disorder group caused by the deficiency of N-acetylgalactosamine-6-sulfate sulfatase (GALNS: E.C.3.1.6.4) (Neufeld and Muenzer, 2001 ). MPS IVA is a rare disorder, incidence is estimated to be 1/216,000 live births in British Columbia (Lowry et al., 1990) ; 1/76,000 live births in Northern Ireland based on notified cases over 30 years (Nelson et al., 1997) ; 1/450,000 live births in the Netherlands over 26 years (Poorthuis et al., 1999) ; 1/201,000 in Australia (Meikle et al., 1999) ; 1/640,000 live births in Western Australia over 27 years (Nelson et al., 2003) ; and 1/450,000 live births in Portugal over 20 years (Pinto et al., 2004) . GALNS is one of the sulfatases necessary for the degradation of keratan sulfate (KS) and condroitin-6-sulfate (CS). The restricted tissue distribution of KS leads to the unique clinical manifestations of this disorder (mainly skeletal alterations). As in other mucopolysaccharidosis (MPS), MPS IVA shows a broad spectrum of clinical severity, presumably resulting from a wide variety of GALNS mutations. Clinical features include growth retardation, skeletal dysplasia, short trunk, dwarfism, odontoid hypoplasia and joint laxity (Northover et al., 1996 and Neufeld and Muenzer, 2001) . Specific treatments (e.g. enzyme replacement and gene therapy) are under investigation.
The gene for GALNS is located on chromosome 16q24.3 and has 14 exons. The GALNS cDNA has an open reading frame of 1566 bp which encodes a 522 amino acid protein. About 140 different mutations have been described, and approximately 70% of these are missense mutations (Tomatsu et al., 2005) . Genotype/phenotype correlation exists for some of these mutations. Amino-acid changes or silent polymorphisms have also been described. Diggelen et al., 1990) , where the GALNS activity in leukocytes was less than 1% of normal controls and the arylsulfatase B activity (ARSB) was normal.
Between 2004 and 2005 our Genetics Service diagnosed six Brazilian MPS IVA patients (including two sibs), the clinical data for these patients being summarized in Table 1 (n = 6; patients 1-5) along with Genetics Service data for the seven Brazilian MPS IVA patients reported by Tomatsu et al. (2004a) (n = 7; Patients 6-11). Written informed consent was obtained for each patient, and the study protocol was approved by the Institution Research Board at HCPA.
In our study, we screened GALNS gene exons 4, 5, 9 and 10 because our previous data showed that these were the most frequently mutated exons in Brazilian patients (Tomatsu et al., 2004a) . The PCR and single-strand conformation polymorphism (SSCP) analysis conditions for these exons were standardized (Table 2) . DNA was isolated from peripheral blood by the ammonium acetate method (Miller et al., 1988) and PCR was carried out with 100 ng of genomic DNA in a total volume of 50 μL on an Eppendorf Personal Thermal Cycler. The reaction include 1X PCR buffer, 0.2 mM dNTPs, 1.5 mM magnesium chloride (MgCl 2 ), 20 pmol of each primer (forward and reverse) and 1 U of Taq DNA polymerase (Invitrogen), dimethyl sulfoxide (DMSO) being used only for exon 5 at a final concentration of 5.6% (w/v). Primers were designed from the gene sequence and the PCR conditions were 5 min denaturation at 94°C, followed by 30 cycles of 30 s at 94°C, 30 s at annealing temperature and 45 s at 72°C, followed by a final extension of 10 min at 72°C (Table 2 ). To identify the GALNS exon alterations the PCR products ( Figure 1) were submitted to SSCP analysis, performed with 8 μL of PCR product and 4 μL of SSCP buffer (95% formamide, 20 mM EDTA, 0.005% bromophenol blue, 0.05% xylene cyanol FF) which were mixed, heated to 95°C for 5 min and chilled on ice before being loaded onto 8 or 12% (w/v) non-denaturing polyacrylamide gel and subjected to electrophoresis using 1X TBE buffer. The SSCP conditions for exons 4, 5, 9 and 10 are given in Table 2 . DNA bands on SSCP gels were visualized after silver nitrate staining (Orita et al., 1989) . Fragments with an altered pattern were re-amplified, purified using the GFX PCR DNA and Gel Band Purification Kit (Amersham Biosciences) and sequenced on an ABI 310 sequencer (Applied -Byosystems) using the BigDye Terminator kit version 3.1.
Control PCR reactions, without DNA, were done in each reaction. The products from PCR reactions were checked on a 1.5% (w/v) TBE-agarose gel containing ethidium bromide. Dieter et al. 525 Table 1 -Clinical and genetic data for Brazilian patients with mucopolysaccharidosis (MPS) IVA. Patients 1 to 5 were analyzed by us for exons 4, 5, 9 and 10 of the N-acetylgalactosamine-6-sulfate sulfatase (GALNS) gene exon. Patients 6 to 11 correspond to patients 17, 16, 18, 19, 15 and 14 investigated by Tomatsu et al. (2004a) † and were analyzed regarding all the GALNS gene exons. Patients 3a and 3b, and 10a and 10b were sibs. The standard deviations (-SD) were as compared to age-matched normal controls (data from the National Center for Health Statistics at http://www.cdc.gov/nchs) and represent the number of standard deviations by which the patients are smaller or lighter than the controls, hence the negative values. A dash (-) We used SSCP analysis to screen 100 Brazilian control individuals (anonymous blood donors from Southern Brazil) in the same way as the patients. Analysis of 200 chromosomes in the general population is a methodology used for assessing the frequency of disease-causing recessive variants (Cotton and Scriver, 1998) .
Missense mutations in the GALNS gene (p.N164T and p.G301C) were detected in three of the five unrelated patients studied (Patients 1 to 5 in Table 1 ). These mutations were not detected in the control sample of 100 subjects.
Molecular analyses for MPS IVA have been performed previously in various ethnic populations. However, with the exception of our previous study (Tomatsu et al., 2004a) , there are no other data on Brazilians patients. The two missense mutations (p.N164T and p.G301C) that we found in the present study account for~70% of the mutant alleles so far investigated in Brazilian patients.
We estimated the frequency of the different mutations detected in 11 unrelated patients from our Genetics Service, i.e. the five described for the first time in our present paper and the six reported by Tomatsu et al. (2004a) . We detected 17 out of the 22 mutated alleles (77.3%), but three homozygous patients were from consanguineous marriages so we corrected these values by one allele per consanguineous marriage and estimated the relative frequency of the detected mutations among 14 mutated alleles (Table 3) .
Up to now, 12 different missense mutations have been found in Brazilian patients (Tomatsu et al., 2005) and, indeed, four of these mutations (p.G116S, p.N164T, p.L307P, p.S341R) were first described in Brazilian patients and, except for p.G116S which has also been found in a non-Brazilian patient, may be confined to the Brazilian population (Tomatsu et al., 2004a and 2005) . The frequency of mutations in exons 4, 5, 9 and 10 in Brazilian patients (around 70% of mutant alleles) is higher than the 40% in the compiled data (Tomatsu et al., 2005) . In our previous study we confirmed the allelic heterogeneity observed in this disorder where 46.1% of the mutations reported were private or occurred at a low frequency (Tomatsu et al., 2004a and Tomatsu et al., 2005) .
The p.G116S, p.N164T, and p.G301C mutations could be explained as either "true recurrent mutations" or "common founder mutations" since they were observed among unrelated Brazilian patients. The other two common mutations, p.G139S and p.R386C, are considered as "true 526 GALNS mutations in Brazilian MPS IVA patients Tomatsu et al. (2004a) † . Of the 17 mutations identified in unrelated patients, Only 14 alleles were used because in three homozygous individuals the alleles were identical by descent (consanguineous parents).
Nucleotide change** Codon alteration Exon Amino-acid change
1255C → T CGT → TGT 11 p.R386C 5.9 **GenBank entry: NM_000512.3.. † Tomatsu S, Dieter T, Schwartz IV, Sarmient P, Giugliani R, Barrera LA, Guelbert N, Kremer R, Repetto GM, Gutierrez MA, Nishioka T, Serrato OP, Montano AM, Yamaguchi S and Noguchi A (2004a) Identification of a common mutation in mucopolysaccharidosis IVA: correlation among genotype, phenotype, and keratan sulfate. J Hum Genet 49:490-494.
recurrent mutations" since they have been found in other ethnic populations (Tomatsu et al., 2005) . Haplotype analysis is needed to confirm these data.
In a recent study on the mutation spectrum of the GALNS gene, it was shown that the three most frequent mutations, p.R386C, p.G301C and p.I113F account for only 20% of the identified mutant alleles (Tomatsu et al., 2005) . These data suggest that genotyping for MPS IVA patients should be done for each ethnic population since it seems that the majority of mutations are sporadic or unique to each ethnic group.
The frequency of p.R386C, the most common mutation in most populations studied, may have been underestimated in our study because the new patients were not analyzed for exon 11 where this mutation is present. Among six Brazilian patients who had this exon analyzed this mutation was found only in one allele (Tomatsu et al., 2004a) . Further studies are needed to clarify the situation regarding this mutation. The p.G301C mutation was very common in Colombian MPS IVA patients where it accounted for 70% of the mutant alleles investigated, and it was found also in Italian, French, British, Portuguese, and Moroccan patients (Tomatsu et al., 2005) , while the p.G139S was described in 1.3% of the alleles of Irish, Argentine and North American patients from the USA (Tomatsu et al., 2004a) .
None of the mutations observed in our Brazilian patients (p.G116S, p.N164T, p.L307P and p.S341R) were found in our control group of 100 individuals. There were 16 nonpathogenic variants of the GALNS gene with a single nucleotide change in the data compiled by Tomatsu et al. (2005) . In the control group of this study, three novel silent nucleotide changes were found, p.A107A (GCC → GCT), p.Y108Y (TAC → TAT), p.P357P (CCG → CCA), but none of the previously reported silent mutations.
Analyzing the number of all the described mutations in the GALNS exons and the expected number of mutations based on exon size, we observed that mutations are not randomly distributed along the gene (p < 0.01). Our data predict that exons 5, 10 and 11 are hot spots for mutations because they were present at frequencies above the expected frequencies, this increase being 83% for exon 5, 42% for exon 10 and 56% for exon 11. Mutations in exons 4, 5, 9 and 10 accounted for almost 40% of all mutations so far identified. In Brazilian patients, the mutation frequency in these four exons was higher, as 13 out of 14 presumably independently mutated alleles (92.9%) are located in these two exons, as detected by the present study and by Tomatsu et al., (2004a) (Table 3 ). These data suggest that for Brazilian patients it may be a good strategy to start analyzing exons 4, 5, 9 and 10. Moreover, exon 11 should also be analyzed since it posses the more frequent mutation (p.R386C) in other populations.
In respect to phenotype, 68.2% of all the complied mutations are associated with the severe phenotype, 21% with the attenuated phenotype and 10.8% have not been defined (Terzioglu et al., 2002; Tomatsu et al., 2005) . In our patients, onset of signs and symptoms occurred around 20 months of age (SD ± 13.4 months), in accordance with the literature that reports an onset age of around two years of age and final diagnosis at about three years of age (Northover et al., 1996) . The standard deviations (-SD) shown in Table 1 were as compared to age-matched normal controls (data from the National Center for Health Statistics) and represent the number of standard deviations by which the patients are smaller or lighter than the controls, hence the negative values. The age of the Brazilian patients at examination ranged from 2 years to 21 years and 3 months and, compared with data from the age-matched normal controls from the National Center for Health Statistics, height was in the range 82.5 cm to about 113 cm (-1 to about -8.9 standard deviations (SD), i.e. less than the controls) and weight was 11 to about 36 kg (-0.9 to about -4.3 SD, i.e. less than the controls). Since all the patients, except patient 10a, had stopped, or nearly stopped, growing, they all presented a severe phenotype with a final height under 125 cm and, accordingly, all the mutations listed here were associated with the severe phenotype.
In this study, PCR and SSCP conditions were established for exons 4, 5, 9 and 10 of GALNS gene where the majority of mutations were reported for Brazilian MPS IVA patients. Using this strategy, we detected six out of 10 mutated alleles in five patients with Morquio A Syndrome. Common mutations among Brazilian patients are p.N164T, p.G116S, and p.G301C.
